Trichomoniasis is an important sexually transmitted disease (STD) of worldwide distribution caused by the protozoan Trichomonas vaginalis. This non-self-limiting disease is associated with a broad symptomatology, ranging from a relatively asymptomatic carrier state to severe inflammation and irritation with foul-smelling discharge (27) . Adverse pregnancy outcome (20, 37, 45) and enhanced predisposition to human immunodeficiency virus infection (28, 55) are recent noteworthy findings that illustrate the importance of this STD. Although immunoglobulin G (IgG) and IgA antibodies to immunogenic trichomonad surface proteins and to proteinases have been found in sera and vaginal washes (VWs) from patients with trichomoniasis (5, 6, 7, 12, 30, 47) , these antibodies appear to have little or no protective value.
Numerous cysteine proteinases of T. vaginalis that have been identified are possible virulence factors (17, 33, 38) . Up to 23 distinct activities have been resolved by two-dimensional substrate-gel electrophoresis (38) . The in vivo role of these proteolytic enzymes has not been elucidated. However, several or all trichomonad cysteine proteinases are expressed in vivo (5, 6) , and at least one appears necessary for trichomonal cytoadherence (8) and resistance to complement (29) . Since nothing has been reported regarding a role for trichomonad proteinases in degrading human immunoglobulins (Igs), we felt that examining for this property would be highly relevant to the chronic, non-self-limiting nature of this infection in the urogenital tract.
In this report, we document that T. vaginalis cysteine proteinases degrade human IgG, IgM, and IgA. We show that all trichomonal isolates possess numerous Ig-degrading cysteine proteinases of various molecular weights. Isolates with and without the double-stranded RNA (dsRNA) virus (54) , which can be distinguished by certain biological properties (3, 25, 26) , were found to have different Ig-degrading proteinase patterns. Finally, Ig-degrading proteinases were found in VWs of patients with trichomoniasis, reinforcing the view that this property has in vivo relevance, possibly as a mechanism of immune evasion. The significance of these trichomonad Ig-degrading proteinases in predisposing the vagina to other coinfecting STD agents and their role in pathogenesis are discussed.
MATERIALS AND METHODS
Cells and supernatants. Fresh T. vaginalis isolates were obtained from the STD-Collaborative Research Center (STD-CRC) of the Department of Microbiology at the University of Texas Health Science Center at San Antonio, and some isolates have been used before (3, 7, 32, 38) . Axenized parasites were cultured in Trypticase-yeast extract-maltose (TYM) medium supplemented with 10% heat-inactivated horse serum (TYM-serum) (15) and passaged daily. One isolate, labeled M, was obtained from the pellet of a centrifuged urine sample from a male patient. A small aliquot (100 l) of the resuspended urine debris was inoculated into TYM-serum or the In-Pouch (Biomed Diagnosis, San Jose, Calif.). Only parasites at the mid-to late-logarithmic phase of growth were utilized. To prepare cell lysates, parasites (2 ϫ 10 7 ) were washed three times in cold phosphate-buffered saline (PBS), pelleted at 500 ϫ g for 5 min, and stored immediately at Ϫ70ЊC until utilized. Storage of cell lysates had no effect on proteinase activities, as described elsewhere (33) . Multiple cell lysates of trichomonads grown under identical conditions and frozen at Ϫ70ЊC at different times were tested simultaneously or on different days. The lysates gave highly reproducible patterns of proteinase activity. Duplicate gels, as described below, of the same lysate or supernatant always gave identical and reproducible proteinase patterns.
Isolates were differentiated on the basis of criteria established recently for the presence (type II) and absence (type I) of dsRNA virus (25, 26) . Type II trichomonads are infected with a multisegmented dsRNA virus (25) and undergo phenotypic variation (3) . After centrifugation of parasites that reached densities of 1.5 ϫ 10 6 /ml, a 1-ml aliquot of supernatant was filtered through 0.22-m-pore-size filters (Gelman Sciences, Ann Arbor, Mich.). Supernatants were then dialyzed for 30 h with three changes of double-distilled water in 3,500-molecularweight-cutoff membranes (Spectrum Medical Industries, Inc., Los Angeles, Calif.). Dialyzed culture supernatants were lyophilized and suspended in 200 l of electrophoresis dissolving buffer without ␤-mercaptoethanol (␤ME; 125 mM Tris-HCl, 4% sodium dodecyl sulfate [SDS], 20% glycerol, 10% bromophenol blue). Only 20 l of supernatant was used immediately for the substrate-gel electrophoresis described below. One-milliliter volumes of culture supernatants to be evaluated for degradation of iodinated Igs were frozen at Ϫ70ЊC immediately after filtration.
Growth of T. vaginalis in the chemostat has been described (31) . Isolates T068-II (type II) and T056 (type I) were first grown in TYM-serum, pelleted, and resuspended in a small volume for inoculation of the chemostat vessel. Trichomonads were grown aerobically at 37ЊC at dilution rates of 0.02 and 0.007 h Ϫ1 , corresponding to doubling times (t d s) of 24 and 100 h, respectively. t d s were based on flow rates of TYM medium-5% heat-inactivated horse serum added to the growth vessel (50) . After inoculation, the cells were allowed to acidify the chemostat medium to pH 6.0, after which the pH was maintained with sterile 1.25 N NaOH. High-and low-iron media (30, 32) were each prepared by the addition of 100 M ferric chloride or 50 M 2,2-dipyridal to the medium, respectively. Fresh growth medium was maintained in reservoirs at 4ЊC throughout the study.
VWs. VWs acquired through the STD-CRC were from patients with trichomoniasis, patients with other STD pathogens as indicated below, or control uninfected individuals, obtained during gynecologic examinations as described before (6) . VWs stored at Ϫ70ЊC for processing were thawed to room temperature and centrifuged at 500 ϫ g for 10 min. Ten milliliters of each VW was then passed through a 0.22-m-pore-size filter before being dialyzed for 30 h with three changes of double-distilled water as described above. Finally, VWs were lyophilized, resuspended in 200 l of electrophoresis dissolving buffer, and evaluated by substrate SDS-polyacrylamide gel electrophoresis (SDS-PAGE), as described below. Although different VWs have distinct proteinase patterns, they nonetheless had highly reproducible patterns when run simultaneously in duplicate or when the samples were evaluated on different days. Controls were generated by boiling an aliquot of each VW sample prior to electrophoresis or by omitting activation of the electrophoresed gels. Boiled and nonactivated samples never displayed any type of degradation of the IgG substrate.
To obtain a more accurate reflection of the extent of IgG-degrading proteinases among different patient VWs, undiluted samples were examined as well as samples diluted 1:2, 1:5, and 1:10 (vol/vol) for analysis. Each VW was classified as 4ϩ (or ϩϩϩϩ), 3ϩ, or 2ϩ if proteinases were detected up to dilutions of 1:10 (vol/vol), 1:5, and 1:2, respectively. Proteinases detected only in undiluted VW were classified as 1ϩ reactions. Samples without detectable proteinases were classified as negative. Only 2 of 61 VW samples analyzed were without T. vaginalis and had no other STDs; both of these were negative for Ig degradation under the different conditions evaluated in this report. Thirty-three VWs were from patients with trichomoniasis. Twenty-eight VWs were from patients without trichomoniasis but who had, as did some of the VWs from patients with trichomoniasis, any of the following coinfecting organisms, as shown previously (6) Iodination of human IgG antibodies. Purified human IgG (Sigma Chemical Co., St. Louis, Mo.) was iodinated with the chloramine T-125 I labeling kit (ICN, Costa Mesa, Calif.), as recommended by the manufacturer. Briefly, 100 l of a 2.0-mg/ml concentration of chloramine T was added to a Sephadex G-25 column (1 by 10 cm; ISOLAB Inc., Akron, Ohio), followed by a solution containing 10 l (1 mCi) Na 125 I (ICN). After 2 min, the reaction was stopped by the addition of 100 l of a 4.0-mg/ml solution of sodium metabisulfide. After 1 min, 1 ml of IgG (1 mg/ml) was added to the column, and fractions of 0.5 ml each were collected. The specific activity of iodinated IgG fractions ranged from 10 5 to 10 6 cpm/g of protein.
The fractions were pooled and frozen at Ϫ20ЊC until utilized. The iodination of both the heavy chain (HC) and the light chain (LC) of IgG was always monitored by SDS-PAGE autoradiography. Trichomonal degradation of IgG and secretory IgA. IgG or secretory IgA was added to 100 l of lysate of T. vaginalis organisms, either with or without 1 mM dithiothreitol (DTT; United States Biochemicals, Cleveland, Ohio). DTT is needed to activate the trichomonad cysteine proteinases (14, 38) . The mixture was incubated at 37ЊC for different times. The presence of DTT did not alter the reactivity of antibody, as determined by indirect immunofluorescence, on live organisms (2-7). To further show that the concentrations of DTT employed in the assays did not enhance the susceptibility of IgG to degradation, IgG as substrate in agar diffusion plates was first treated with 1 mM DTT before the addition of a 1-g/ml solution of trypsin to a well. The same extent of IgG degradation was evident in the presence or absence of DTT.
Controls were generated by boiling lysates for 3 min prior to incubation with IgG or IgA. An additional control included iodinated Igs in PBS with 1 mM DTT but without lysate. For time-and concentration-dependent degradation experiments, lysates (100 l) equivalent to 5 ϫ 10 6 , 1 ϫ 10 7 , and 2 ϫ 10 7 organisms were utilized in the same final volume for reaction mixtures incubated at different times. Inhibitor studies were performed identically to the degradation experiments, except for the presence of 0.1 mM cystatin, 1 mM leupeptin, 1 mM TLCK (N-␣-p-tosyl-L-lysine chloromethyl ketone), 1 mM TPCK (L-1-tosylamide-2-phenylethyl chloromethyl ketone), and 5 mM EDTA (all from Sigma). The extent of IgG degradation was monitored for up to 24 h to ensure complete inhibition of the proteinases. To determine the lytic activity of the trichomonal culture supernatant equivalent in cell number to lysates, frozen aliquots were thawed and incubated with 5 g of 125 I-IgG in the presence or absence of 1 mM DTT. The highly reproducible nature of these experiments was confirmed, and each assay and sample of each condition were done at least in duplicate and repeated no less than three separate times.
SDS-PAGE autoradiography and immunoblotting. Samples for SDS-PAGE were prepared every 2 or 4 hours during incubation with iodinated IgG or secretory IgA by resuspending aliquots of the incubated samples in dissolving buffer (1:1 [vol:vol]). Resuspended samples were then boiled for 3 min to prevent further degradation by proteinases and stored at Ϫ20ЊC until electrophoresed. Stacking gels of 4% acrylamide and separating gels of either 7.5 or 10% acrylamide were prepared. Samples up to 10 l were added to gels and electrophoresed at 100 V, as described before (38) , in mini-Protean II units (Bio-Rad Laboratories, Richmond, Calif.) containing 25 mM Tris-HCl, 192 mM glycine, and 10% SDS (pH 8.7). For samples incubated with iodinated IgG, gels stained in Coomassie brilliant blue for 2 h prior to destaining were dried and exposed to Kodak XRP-40 X-ray film (Kodak, Rochester, N.Y.). Molecular weight markers (Bio-Rad) were always included. For quantitative determination of IgG digestion, radioactive gels were exposed to a phosphorimager screen (Molecular Dynamics, Sunnyvale, Calif.) before analysis. Percent degradation was calculated as follows: [(volume of IgG HC in control sample Ϫ volume of IgG HC in experimental sample)/(volume of IgG HC in control sample)] ϫ 100.
Gels of samples incubated with secretory IgA (Sigma) were immunoblotted as described previously (1, 7, 51) . Electrophoretic transfer of proteins from acrylamide to nitrocellulose was carried out in blotting buffer (20 mM Tris-HCl, 150 mM glycine, 20% methanol [pH 8.3]) at 170 mA for 2 h. Transferred gels were stained to ensure complete blotting of all proteins, while the membranes were incubated overnight in Tris-buffered saline (TBS; 20 mM Tris-HCl [pH 7.4], 500 mM NaCl) containing 5% nonfat dry milk at 4ЊC and washed three times in TBS. Membranes were incubated for 2 h in TBS-5% milk containing a 1/1,000 dilution of anti-human secretory IgA HC polyvalent antibody (Sigma) and then washed three times in TBS before development.
Substrate-gel electrophoresis. Analysis of the Ig-degrading proteinases of T. vaginalis was performed by substrate-SDS-PAGE (14, 22, 33) . Separating gels of 7% acrylamide were copolymerized with 300 g each of human IgG, IgM, or secretory IgA per ml (each from Sigma), and these substrates were compared with the activity of cysteine proteinases on 1.8 mg of gelatin (Bio-Rad) per ml, as described before (38) . For Ig substrates, it was necessary to prepare samples by resuspending 2 ϫ 10 7 trichomonads in dissolving buffer without ␤ME. Cell equivalents of 3 ϫ 10 5 of each sample were loaded per lane and electrophoresed as described above. Control samples washed with 1 mM TLCK in PBS prior to storage never degraded gelatin or Ig substrate. It is noteworthy that, for substrate-SDS-PAGE, identical results were obtained for experiments performed identically on the same lysate but at different times and/or as multiple samples run simultaneously. All experiments were repeated no less than three separate times. Furthermore, similar results were obtained in separate experiments using previously stored trichomonal lysates as well as with new lysates of parasites grown under the same conditions. This shows the highly reproducible nature of the proteinase patterns generated from in vitro-grown trichomonads, as has been shown before (38) .
The absence of ␤ME from dissolving buffer was necessary to prevent reduction of the IgG substrate in the separating gel, avoiding migration of the copolymerized IgG during electrophoresis. In addition, this modification allowed for improved resolution of the proteinase activities and the detection of proteinases previously indistinguishable on both gelatin and Ig substrates. After electrophoresis, gels were incubated at 37ЊC for 2 h in reducing buffer (2.5% Triton X-100, 100 mM Na acetate, 1 mM DTT [pH 6.0]). VWs electrophoresed similarly in acrylamide copolymerized with IgG were incubated at 37ЊC in reducing buffer for 5 h. Gels were then stained for 2 h in Coomassie brilliant blue prepared in 40% methanol and 10% acetic acid before destaining.
RESULTS

T. vaginalis lysates degrade human IgG.
We first wanted to determine whether trichomonal lysates, known to contain numerous proteinases (14, 38) , had the ability to degrade human IgG. As shown in a representative experiment (Fig. 1A) , trichomonal lysates incubated in the presence of DTT, which activates cysteine proteinases (14, 33) , resulted in the complete disappearance of the IgG HC (Fig. 1A, lane 3) . No similar degradation was ever detected in controls without lysate ( (Fig. 1A, lane 7) . As expected, degradation of labeled IgG was not detected in complex medium alone, whether without or with DTT (Fig. 1A, lane 8) . Furthermore, the absence of DTT from lysates added to iodinated IgG did not result in significant HC degradation (Fig.  1A , lanes 1 and 6), indicating a requirement of reducing agent for optimal activation of proteinases. Finally, TLCK was found to significantly reduce the degradation of the IgG HC (Fig. 1A , lane 4), suggesting that trichomonad cysteine proteinases degrade human IgG. Importantly, identical results for these and other experiments were obtained with lysates and supernatants of another fresh clinical isolate, T. vaginalis T056. A representative experiment with standard errors derived from analysis of triplicate samples shows the time-and concentration-dependent degradation of the IgG HC (Fig. 1B) . Cell lysate concentrations of 2 ϫ 10 7 trichomonads digested the HC of a 50-g/ml concentration of IgG by 2 h, as compared with longer incubation times required for decreased amounts of lysate. For example, lysates of 5 ϫ 10 6 organisms degraded Ͼ80% of the IgG HC by 8 h. Lysates containing 2 ϫ 10 6 trichomonads required 16 h to achieve similar levels of IgG degradation, as shown in Fig. 1A . As expected, degradation of IgG was never detected in identical experiments using heatinactivated lysates and lysates pretreated with TLCK.
Cysteine proteinases degrade IgG. We wanted to determine whether degradation of the IgG HC was influenced by growth parameters and nutrients, such as iron, which has recently been shown to regulate numerous trichomonal properties (29) (30) (31) (32) , including expression of a proteinase(s) involved in T. vaginalis resistance to complement (29) . For these experiments, cell lysates of parasites from chemostat cultures were tested (Fig. 2,  lanes 1 to 4) . Lysates of trichomonads grown in either highiron (lanes H) or low-iron (lanes L) medium and at two different t d s resulted in degradation of the HC. However, lysates of parasites grown in low-iron medium at a t d of 100 h had a slightly reduced degradative ability (Fig. 2, lane 2) . These results suggested that expression of the IgG-degrading proteases was not regulated by t d and the iron level.
In addition, complete inhibition of IgG HC degradation was achieved in the presence of trichomonad cysteine proteinase exhibited extensive degradation of IgG HC, as described before (Fig. 1) . Partial inhibition was noted for the inhibitors TLCK (Fig. 2, lane 7) and TPCK (Fig. 2, lane 10) . Inclusion of EDTA (lane 6) to neutralize T. vaginalis metalloproteinases that have also been described (11) did not result in any inhibition. The appearance of an iodinated protein band with a relative molecular mass of ϳ37,000 Da upon HC degradation in the presence of TLCK (Fig. 2, lane 7) , TPCK (lane 10), and EDTA (lane 6) was of interest. This band was always seen in assays performed on different days with duplicate samples or newly derived lysates and was never detected in samples with other inhibitors (lanes 8 and 9) or in positive controls (lane 3). Identical results were obtained with lysates from parasites grown in low-iron medium with extended generation times (lane 2). These results suggest that numerous proteinases, some with distinct degrading activities, were likely involved in the degradation of the HC. This notion is reinforced by the known differential inhibition of the trichomonad cysteine proteinases (14, 39) .
Trichomonad cysteine proteinases degrade secretory IgA. Because antitrichomonal antibody has also been found to be IgA (47), we tested whether proteinases in lysates degraded this Ig. Analysis of Ig-degrading activities. Substrate-gel electrophoresis was performed to evaluate the trichomonal IgG degradation activities. Optimization for proteinase detection on IgG substrate necessitated that trichomonal lysates be prepared in the absence of ␤ME prior to electrophoresis. Reduction of substrate resulted in clearing of the top half of the gel during electrophoresis, which prevented visualization of medium-to high-M r proteinase activities (Fig. 4) . A lack of resolution was seen when comparing IgG-and gelatin-degrading proteinases in samples with ␤ME ( Fig. 4A2 and B2 ) and without ␤ME (Fig. 4A1 and B1 ). Samples without ␤ME possessed numerous proteinase bands regardless of substrate. No qualitative differences were observed in clearing of the substrates when gelatin was compared with IgG degradation (Fig. 4A1  and B1 ). Quantitatively more clearing was evident with gelatin 
FIG. 4. Evaluation of proteinase activities by substrate-SDS-PAGE with gelatin (A1 and A2) and IgG (B1 and B2). Cell lysates of chemostat-grown T.
vaginalis isolate T068-II were electrophoresed on gelatin and copolymerized with 7.5% acrylamide in the absence (A1 and B1) and presence (A2 and B2) of ␤ME. Each gel shows four lanes of T. vaginalis isolate T068-II grown under high-iron (H) (lanes 1 and 2) and low-iron (L) (lanes 3 and 4) conditions at two t d s, and samples were as described in the legend to Fig. 2 . Lane 1 for each gel represents the same cell equivalent of a sample washed with 1 mM TLCK in PBS and stored at Ϫ70ЊC prior to electrophoresis. Samples of lane 1 not treated with TLCK resulted in degradation patterns identical to those seen for the lysates from a t d of 24 h (lanes 2). An asterisk indicates one low-M r proteinase activity that was consistently affected by the absence of iron. An arrow indicates a second proteinase that was expressed when the t d played a role in low-iron-grown parasites. Finally, for the data presented here and in Fig. 5 and 6 , substrate-gel degradation experiments were highly reproducible regardless of substrate, and all experiments were done on duplicate samples run simultaneously and on at least three separate occasions. (Fig. 1) . Minor qualitative and quantitative variations in clearing areas were evident between trichomonads grown under high-iron (Fig. 4, lanes 2) and low-iron (lanes 3 and 4) conditions. One low-M r proteinase activity was consistently affected by the absence of iron (Fig. 4, asterisk) . Although not shown, high-irongrown organisms produced identical degradation patterns, regardless of t d . However, the t d played a role for low-iron-grown parasites in the expression of a second proteinase (Fig. 4,  arrow) . As expected, pretreatment of samples with TLCK neutralized the cysteine proteinase activity (lanes 1). Finally, it is noteworthy that stained gels of total proteins of T. vaginalis for each condition gave almost identical banding patterns, showing that equivalent numbers of cells were used in the lysates. These controls illustrated that iron had some effect in overall Igdegrading proteinase activity.
Heterogeneity of Ig-degrading proteinase patterns among isolates. In view of the known heterogeneity in expression of cysteine proteinases by T. vaginalis isolates (5, 6, 14, 38), we evaluated 20 isolates for Ig degradation patterns. Isolates with (type I) and without (type II) a dsRNA virus were compared (25, 54) . Figure 5 shows the complex proteinase patterns on each Ig substrate. All proteinase bands were absent upon pretreatment of lysates with TLCK or by heat inactivation, as described before (Fig. 2) . For each Ig substrate, five degradation patterns representative of several virus-harboring (Fig. 5, lanes 6 to 10) and virus-negative (Fig. 5, lanes 1 to 5) isolates are shown. One half of the isolates displayed more heterogeneity in proteinase patterns than the others and, interestingly, were those with the dsRNA virus (Fig. 5, lanes 6 to 10, labeled type II) . All patterns were reproducible by use of the same lysate in duplicate gels, with lysates from the same frozen parasites examined at different days, and with different lysates of the same isolate obtained from different cultures. Thus, the variations in patterns were unique to the isolates.
Two proteinases with M r s of 65,000 and 69,000 (Fig. 5 , indicated by brackets on the right) were detected consistently in all isolates and degraded all four substrates. The 56-and 60-kDa proteinases (Fig. 5 , indicated by Ͼ) were specific for IgA substrate (Fig. 5B) and were found among all trichomonal isolates. A low-M r proteinase was seen only on the IgM substrate (Fig. 5C, arrow) . Finally, three high-M r proteinase activities (lanes 8, 9, and 10) were detected on IgG, secretory IgA, and gelatin, but not IgM, substrates (Fig. 5, asterisks) . That the patterns were reproducible for duplicate lysates run simultaneously or at different times strongly suggests that heterogeneity, especially among the lower-M r proteinase activities, was not due to autodegradation of higher-M r proteinases.
It was important to determine whether all agar clones (3) of a representative isolate expressed the full repertoire of Igdegrading activities. In data not shown, all clones had patterns identical to those of the parental isolates for gelatin and for the Igs. This suggests that individual trichomonads of an isolate are all capable of expressing the full complement of the proteinase genes (38) .
Of relevance was that supernatants were also tested. In data not shown, supernatants with cell numbers equivalent to those used in lysates (1.5 ϫ 10 5 ) gave proteinase patterns identical to those seen in Fig. 5 . No lysis of trichomonads was evident during growth and multiplication of mid-to late-logarithmically-growing parasites, as was shown previously (1), or during centrifugation procedures as evidenced by cell enumeration. Furthermore, placement of highly motile trichomonads in PBS-maltose for 30 to 60 min, conditions that do not result in lysis or death of trichomonads, as determined by enumeration and trypan-blue exclusion, yields large amounts of released proteinases. These data suggest the possibility that Ig-degrading proteinases are actively released or secreted by live trichomonads, consistent with earlier work (1, 14, 17, 33, 39 ).
FIG. 5. Analysis of T. vaginalis isolates for proteinases degrading different Ig substrates (A, B, and C) compared with those degrading gelatin (D).
Isolates were defined on the basis of the absence (type I, lanes 1 to 5) or presence (type II, lanes 6 to 10), respectively, of a dsRNA virus (25, 26, 54) . All are fresh isolates, except for IR78 and NYH286, which have been grown in vitro for extended periods. All samples were harvested from cultures at the mid-to late-logarithmic phase of growth and processed identically. The brackets indicate proteinase activities present in all isolates, which reacted with all substrates. The proteinase unique to IgM is indicated by an arrow on the right. The symbol Ͼ indicates the appearance of proteinases with specificity toward IgA. Proteinases denoted by an asterisk degrade all substrates except IgM. The numbers on the left are molecular weight (MW) standards as described in the legend to Fig. 2. (k  ϭ 1,000 ).
Patient VWs also contain proteinases that degrade human IgG. Finally, to explore a potential in vivo role for these enzymes, we tested for the detection of Ig-degrading proteinases in VWs from patients with trichomoniasis and compared them with VWs from control, uninfected women or those with other STDs. As shown in Fig. 6B1 and B2 and Table 1 , degradation of IgG was observed in 26 of 33 (78%) VWs from patients with trichomoniasis. All of the positive reactions for trichomoniasis patient VWs were highly reactive and classified as 4ϩ to 1ϩ (see Materials and Methods), as shown for representative samples in Fig. 6B1 , lanes 5 through 8. The presence of proteinases upon 1:10 dilution (for 4ϩ VW), 1:5 dilution (for 3ϩ), and 1:2 dilution (for 2ϩ) of VWs is also presented for the same representative samples illustrated in Fig. 6B1 (lanes 9 through 11) . In contrast, IgG degradation was detected in only 10 of 29 (35.5%) patients without evidence for trichomoniasis, regardless of the presence of other STDs (see Materials and Methods) (6) . As further shown in Table 1 , no VWs from patients negative for T. vaginalis were 4ϩ, and only 1 of 28 (3%) was 3ϩ. Furthermore, it is noteworthy that 18 of 28 (64%) were totally unreactive by the assays used in this study. Finally, statistical analysis revealed highly significant (P ϭ 0.001) differences in the extent of reactivity between the samples from patients with trichomoniasis and those without T. vaginalis. It is noteworthy that the reactivities for all of the undiluted as well as the diluted VWs were highly reproducible, as evidenced by identical gel patterns obtained from duplicate samples handled similarly and on different occasions. Not surprisingly, VWs with proteolytic activity on IgG also readily degraded gelatin (data not shown), consistent with previous findings (6) . That the Ig-degrading activity was due to proteinases was verified by the use of inhibitors and lack of degradation observed with boiled and nonactivated samples, which gave reactions like those shown for boiled trichomonal lysate (Fig. 6A, lane 2) . 11) . Electrophoresis was performed as described before (Fig. 3 legend) , except for incubation in reducing buffer for 5 h prior to staining. For comparison, panel A shows a control total lysate (lane 1) and boiled lysate (lane 2) of T. vaginalis prepared as described in Materials and Methods and processed in parallel with the VWs. The numbers on the left are molecular weight (MW) standards as described in the legend to Fig. 2 (k ϭ 1,000) . a Degradation based on the detection by substrate-gel electrophoresis of diluted samples with IgG as substrate is as described in Materials and Methods.
b VWs were from patients with trichomoniasis (infected) or without trichomoniasis (uninfected). Twenty-six of the 28 uninfected individuals without T. vaginalis had other coinfecting STDs, as indicated in Materials and Methods and as has been described previously by us (6) . Mean levels of degradation (Ϯ standard error) of the infected and uninfected VWs were ϩ1.7 Ϯ 0.2 and ϩ0.6 Ϯ 0.2, respectively (P ϭ 0.001, two-tailed t test of difference in means). 
DISCUSSION
Mucosal pathogens have been reported to synthesize proteinases that cleave host antibodies as a mechanism contributing to virulence (13, 19, 24, 34, 42, 44) . Proteinases degrading antibodies have also been found in protozoan parasites (23, 36) . A recent report describes human IgA HC degradation by Entamoeba histolytica, a mucosal protozoan parasite (23) . Tritrichomonas foetus, the mucosal trichomonad that causes fetal wastage in cattle (48) , is known to secrete cysteine proteinases that digest the HC of host IgG (49) . Although the exact function for many of the trichomonad cysteine proteinases remains unknown, the existence of up to 23 cysteine proteinases (38) makes it plausible that specific functions may exist for subsets of these molecules. We now show the ability of cysteine proteinases synthesized by T. vaginalis to degrade human Igs. Lysates of trichomonads degraded IgG under all experimental conditions tested here. Furthermore, the detection in all isolates of distinct proteinases that degrade either only IgA (Fig. 5B) or only IgM (Fig. 5C) shows some specificity in expression of proteinase(s) activity toward Igs.
It may be noteworthy that some qualitative differences in proteinase degradation patterns of IgG were detected for trichomonads with and without the dsRNA virus ( Fig. 5) (25, 26) . Unlike dsRNA viruses of other protozoa (54), the T. vaginalis dsRNA virus is multisegmented (25) , illustrating an increased coding capacity of the viral genome. Since the virus has been shown to influence expression of a trichomonad gene (26) , it is conceivable that the virus may affect overall Igdegrading activity through expression of virally encoded products, some of which may be proteinases, or in up-regulation of trichomonad proteinases.
Iron has been found to be an important factor in the regulation of many properties of T. vaginalis (29, 30, 32) . Only a slight reduction in IgG degradation was detected under ironlimiting conditions at a low t d (Fig. 2 and 4) . Thus, iron is not an on-off signal, as for other properties described before (29) (30) (31) . That IgG degradation is independent of certain growth conditions may be important for trichomonads since the presence of mucosal antibody is independent of the iron status of the vagina during the menstrual cycle (46, 52) . Constitutive expression of Ig-degrading proteinases may be advantageous and result in parasite resistance to antibody regardless of the immune status of the host at the time of infection.
The finding that VWs possessed IgG-degrading activity (Fig.  6 ) strengthens the notion that these observations are relevant in vivo, and these results may be noteworthy in light of the non-self-limiting nature of infection by this parasite. Earlier work has shown that soluble cysteine proteinases can be detected in patient VWs (6) , and antibodies to proteinases and immunogens have been demonstrated in both sera and VWs from patients with trichomoniasis (5-7, 12, 47) . Because antibody to immunogens has been shown, in vitro, to be trichomonicidal (2), any ability to degrade Igs would promote the survival of the parasite. It was notable that patients without trichomoniasis, as controls, and most VWs from patients with other STDs (Table 1) did not possess any activity detectable under identical experimental conditions (6) . Of those VWs from patients with other STDs that had detectable proteinases, most were poorly reactive in comparison with the trichomoniasis patient VWs. It is noteworthy that the differences in the levels of proteinases present in T. vaginalis-infected women and those with other STDs were highly significant (P ϭ 0.001) ( Table 1) , further strengthening the view that this class of molecules deserves continued attention as possible virulence factors.
Interestingly, most, if not all, serum and vaginal antibody to T. vaginalis proteinases and immunogens detected by immunoprecipitation experiments is predominantly IgG (5) (6) (7) 12) . The absence of vaginal antibody in some women with trichomoniasis (4, 6) may be a direct or indirect result of trichomonad Ig degradation activity reported here. In this scenario, conclusions reached by investigators about the absence of vaginal antibody to T. vaginalis or other coinfecting STDs may be incorrect. These observations possibly necessitate a reevaluation of antibody responses in trichomoniasis patients to get a more accurate assessment of host antibody responses.
The present report now calls attention to the plausible relationship between trichomoniasis and Ig-degrading ability with the neutralization of protective host antibody responses to coinfecting STD pathogens (9, 16, 20, 21, 35, 40, 41) . Future vaccination for antibody production in the vaginal mucosa (10) must consider the possibility presented here, i.e., that infection by T. vaginalis may subvert the protective antibody response(s) of humans to other pathogens. Therefore, Ig-degrading activity might lead to enhancement of infection and pathogenesis by coinfecting STD pathogens (43, 53) , like C. trachomatis (20, 21, 35) , human immunodeficiency virus (28, 55) , human papilloma virus (16), herpes simplex virus (9, 41) , and others (21) . Antibodies (18, 52) to these STD pathogens may be found in the vaginas of patients (40) . Reports already describe multiple STDs coinfecting at-risk individuals (43, 52, 55) . The existence of numerous proteinases possibly released or secreted by T. vaginalis during vaginal infections (1) may also have other consequences, such as contributing significantly to the reported adverse pregnancy outcome (37, 45) and enhanced predisposition to human immunodeficiency virus infection (28, 55) . This report provides additional support for the need for continued research on the cysteine proteinases of this STD protozoan.
